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ABSTRACT 

A study was conducted i n  Ju ly  1984 by the Alaska Department o f  F ish and 
Game i n  Chiniak Gul ly o f f  Kodiak Island, Alaska, t o  determine the e f f e c t  of 
crab pot  ( t r ap )  soak-time on the number o f  crab caught. Pots soaking 12, 
24, and 48 hours were incorporated i n t o  an experimental design t h a t  e i t he r  
cont ro l led o r  par t i t i oned  out the sources o f  v a r i a b i l i t y  not  a t t r i bu tab le  
t o  durat ion o f  soak. The responses t o  pot  soak-time by k ing crab 
(ParaZGthodas aamtsahatCaa) and Tanner crab (ChGonoaaetas baCrdC ) 
nere s t a t i s t i c a l l y  s i gn i f i can t  (P < 0.06) and showed d i f f e r e n t  pat terns for  
the tno species. The number o f  female Tanner crab declined w i t h  increased 
soak-time. Male Tanner crab increased i n  numbers w i th  an increased soak- 
time, but less markedly than male and female k ing crab. The average number 
of k ing crab caught i n  pots soaked 48 hours was more than twice the average 
number caught i n  pots soaked 24 hours. The average number o f  k ing crab 
caught i n  pots soaked 12 h w r s  was less  than h a l f  the number caught i n  24 
hours. Wen compared t o  the cur ren t l y  used method o f  standardization of 
numbers o f  crab counts t o  r e f l e c t  a 24-hour pot  soak, the 12-hour, and 48- 
hour current  standardization provides over- and under-estimates 
respect ive ly  f o r  k ing crab and the converse f o r  Tanner crab. The 
mu l t i va r ia te  cor re la t ion  was 91% between the numbers o f  the crab species by 
sex groups and the independent var iables ind ica t ing  t h a t  the independent 
var iables d i d  account f o r  important va r ia t ion  i n  the number o f  crabs 
occurr ing simultaneously i n  the pots. 

KEY WORDS: k ing crab, Tanner crab, t rap  soak-time, analysis o f  covariance, 
canonical correlat ion,  unbalanced incomplete block design. 



The pot ( t rap)  survey method f o r  estimating king crab ( P a r a t  Cthoder 
oar taohatCoa) and Tanner crab (ChConoeouter baCrdC) populations 
u t i l i z e d  by the Alaska Department o f  Fish and 6ame incorporates an 
adjustmnt t o  nunbar of crab caught based on the duration of the soak 
(Alaska Departnrnt of Fish and Game 1984). Previous work t o  quantify the 
e f fec t  o f  soak-time has u t i l i z e d  information from fishernen's logbooks t o  
adjust the catch o f  king crab (Rothschild e t  al. 1970). Catch records from 
fishermen's logbooks are not good substitutes fo r  wpari lrental f ishing. 
Logbook records do not m e t  experimental assunptions on randomization of 
treatments over space and time, and the qual i ty  o f  the recorded data can be 
nanting (Mi l le r  1983). The logbook program provides a minimum recordable 
time o f  1 day, and "one dayY means overnight and can range from 12 t o  36 
hours duration. The adjustment o f  the catch o f  a pot that  i s  soaked less 
than 1 day resul ts  i n  bias problems because the desired predict ion i s  
outside the range o f  the data. Prediction errors are especial ly magnified 
i f  the relat ionship betueen catch and soak-time i s  non-linear. I n  July of 
1984, the Alaska Department o f  Fish and Game undertook a special study t o  
address the accuracy o f  the current adjustmnt formula and t o  better define 
the relationship betneen soak-time and number of crab caught. 

Study Si te 

An experimental design nas conceived t o  take i n t o  account the sources o f  
v a r i a b i l i t y  that  nere thought t o  be the major components tha t  would occur 
i n  a pot soak-time study. The f i r s t  consideration was that  o f  a 
homogeneous d is t r ibu t ion  o f  king and Tanner crab i n  the area t o  be sampled. 
To locate an area nere the crab were evenly dispersed, several areas Here 
sampled w i t h  pots by a charter vessel p r io r  t o  July 20th. A study area 
between la t i tudes 57O 31.77' and 57 O33.47' and beteen longitudes 151°44.48' 
and 151 O 47.28' uas chosen (Figure 1). The study area (Figure 2) consisted 
o f  tm, adjacent blocks, each wi th 16 sample locations i n  a four by four 
g r i d  i n  essent ial ly a f l a t  bottom area of  146 t o  155 m (80 t o  85 fm). The 
pots were even1 spaced a t  an 0.8 km (0.5 mile) distance; a separation 7 considered suff c ient  t o  stop competition or interact ion among pots, and 
keep the observations independent. Additional data was also col lected a t  
the south-uest end o f  the is land i n  a simi lar manner (Appendix A). 

Samlinq Procedure 

Comercia1 size king crab pots measuring 2.1 m x 2.1 m x 76 cm (7 f t  x 7 f t  
x 30 i n )  Here used i n  the study. Each pot neighing approximately 295 kg 
(650 1 b) , nas l ined w i t h  8.9 cn (3.5 i n )  s t retch mesh and was f i t t e d  wi th 
two tunnel eyes wi th ver t i ca l  and horizontal measurements o f  20 cm x 91 cm 
(8 i n  x 36 i n )  respectively. Each pot uas baited wi th frozen herr ing i n  
each o f  tw 1.0 l i t e r  ( 1  qt) p las t i c  jugs suspended from the center o f  the 
pot. I n  the sanpled area each four by four g r id  constituted a block and 
contained four 12-hour, eight 24-hour, and four 48-hour pots. For each 



Figure 1. Study s i t e  area o f f  Kodiak Island, Alaska. 
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block, the pots were randomly assigned one o f  the three soak-times and 
loca t ion  w i t h i n  the block. The l o g i s t i c s  o f  handling gear d i d  not a l low 
f o r  a l l  pots t o  be set o r  l i f t e d  a t  an iden t i ca l  time o f  day. Therefore, a 
15 minute i n te r va l  was allowed between the l i f t i n g  o f  each pot, w i th  the 
s t a r t i n g  time f o r  Block 1 a t  0800 hours and f o r  Block 2 a t  1600 hours. 
Each 12-hour pot was set and l i f t e d  four times, each 24-hour pot  was set  
and l i f t e d  twice, and each 48-hour pot  was set and l i f t e d  once. For each 
pot l i f t e d ,  the observed var iables were the number o f  each crab species by 
sex, the number o f  Pac i f ic  cod (Gadus nao rooopha tus ) ,  the number o f  Pac i f i c  
ha l i bu t  (RGppogZossus stcznotepGs ), the actual time of  soak, the t ime 
set, the t ime l i f t e d ,  the depth i n  fathoms a t  the locat ion o f  the set, the 
sample location, and the basic morphometric measurements o f  the crab. The 
morphometric character is t ics  nere not  considered i n  t h i s  analysis. 

S t a t i s t i c a l  Anal vs is  

Each 0.8 km (0.5 mi le)  square o f  the sampled area const i tutes an 
experimental u n i t  t o  which the treatments i n  the experimental design were 
randomly applied. The treatment was soak-time w i t h  treatment leve ls  chosen 
a t  12, 24, o r  48 hours. Since the study ob ject ive was the e f f e c t  o f  soak- 
time on catch, the design precludes the analysis o f  the e f f e c t  o f  ha l i bu t  
or  cod on the catch o f  crab. Although the major treatment o r  fac to r  i n  
t h i s  study i s  soak-time, two other fac tors  t h a t  can be considered are the 
time o f  set  (AM versus PM) and the day i n  the study ( f i r s t  h a l f  and second 
h a l f  o f  the study). I n  t h i s  study, the two addi t ional  fac to rs  and blocking 
were u t i l i z e d  t o  p a r t i t i o n  sources o f  v a r i a b i l i t y  due t o  within-day, 
between-day, and blocking (area) so t ha t  the e f fec ts  o f  soak-time could be 
isolated.  Usually the factors  and treatment leve ls  o f  each fac to r  are 
defined p r i o r  t o  conducting an experiment and are assigned randomly t o  
provide a l l  combinations t h a t  can be formed from d i f f e r e n t  factors;  a 
complete f a c t o r i a l  design. However, the within-day and between-day factors  
were constrained and could not  be applied randomly and a t  a l l  l eve ls  o f  the 
soak-time factor.  For example, a pot  w i th  a treatment leve l  o f  12 hours 
and set  i n  the AM d id  not coexist  w i th  a pot w i th  the same treatment l eve l  
set i n  the PM. 

A goal o f  experimental design i s  t o  keep th ings simple. Depth, pot  size, 
type o f  mesh, number o f  b a i t  jars, and type o f  b a i t  were he ld  constant. 
The b a i t  was not replenished dur ing the study so t h a t  12-hour and 24-hour 
pots had approximately the same condi t ion o f  b a i t  as the 48-hour pots. I n  
addi t ion t o  the three factors, the analysis included the number o f  ha l ibut ,  
the number o f  cod, and a var iab le  t h a t  measured within-day deviat ions i n  
t i d e  height  a t  the time the pot  was l i f t e d .  It was thought t h a t  hal ibut ,  
cod, and the t i des  would be independent sources o f  v a r i a b i l i t y  i n  the catch 
o f  crab. The time the pot was l i f t e d ,  l i f t - t ime ,  i s  defined t o  be the time 
when the pot was retr ieved. The recorded time Has the t ime a t  which the 
f i r s t  shot ( length o f  l i n e )  passed t h r ~ u g h  the hydraul ic block and was 
thought t o  best represent the time a t  which the pot l e f t  the bottom. Each 
var iab le  was adjusted t o  i t ' s  mean (Neter and Wasserman 1974) t o  r e f l e c t  
dev ia t ion from an average zero e f fec t .  The l i f t - t i m e  var iab le  p r i o r  t o  
adjustment t o  i t ' s  mean was transformed t o  r e f l e c t  deviat ions from d a i l y  
afternoon t ime o f  low t i d e  (Table 1).  Inc lus ion o f  continuous independent 



var iables resu l t s  i n  an analysis o f  covariance. The method allows for  the 
e l iminat ion o f  the e f fec ts  o f  these independent variables from the 
estimates o f  the treatment e f f ec t s  (Cochran and Cox 1957). 

The ext ra  sums-of-squares method along w i th  the generalized F-test was used 
t o  t e s t  the s igni f icance o f  fac to r  and covariate e f fec ts  (Neter and 
Wasserman 1974; Snedecor and Cochran 1967). The experimental design i s  an 
incomplete f a c t o r i a l  randomized block design (Cox 1958). With the 
treatment leve ls  a t  unequal sample size, the design i s  a lso unbalanced 
(Searle 1971). Speci f icat ion and discussion o f  the experimental design 
considerations and the underlying assumptions of  the model are covered i n  
Appendix B and by Searle (1971) and Cochran and Cox (1957). 

The i n i t i a l  f u l l  model i s  the model t h a t  contains a l l  possible variables o f  
i n te res t  and takes the abbreviated form 

where : 
X 

1 
= 1 i f  observation from block 2 

-1 i f  observation from block 1 

X 
2 

= 1 i f  observation from a PM pot set  
-1 i f  observation from a AM pot set 

X 
3 

= 1 i f  observation from second h a l f  o f  study 
-1 i f  observation from f i r s t  h a l f  o f  study 

4 
= 1 i f  observation from 12-hour po t  

-1 i f  observation from 24-hour pot  
0 otherwise 

and 

X 
5 

= 1 i f  observation from 48-hour pot  
-1 i f  observation from 24-hour pot  
0 otherwise 

The e r ro r  terms ( E )  are assumed t o  be normally d i s t r i bu ted  w i t h  mean zero 
and variance 02. The z are the covariates and are associated w i t h  l i f t -  
time, number o f  hal ibut ,  jand number o f  cod per pot  1 i f t .  Each i s  adjusted 
f o r  i t ' s  respective mean t o  make the regression parameters easier t o  
in te rp re t .  The descr ipt ion and i n te rp re ta t i on  o f  the regression parameters 
are presented i n  the resu l ts .  Seven d i f f e r e n t  dependent variables, y , 
are used i n  t h i s  study. The f i r s t  i s  the  t o t a l  number o f  crab as the 
dependent variable, others were t o t a l  k ing  crab, t o t a l  Tanner crab, male 
k ing crab, female k ing crab, male Tanner crab, and female Tanner crab. The 



Table 1. Time o f  high and l o n  t ides fo r  the Kodiak, Alaska, d i s t r i c t  f o r  
the period 20  July t o  22 July 1984. 

Date Hiqh Tide Low Tide 

Source: NOAA 1983. 



analysis of the data (Appendix C )  was conducted u t i l i z i n g  MINITAB (Ryan e t  
a l .  1981) and BM)P (Dixon 1981) s t a t i s t i c a l  software. 

RESULTS AFY) DISCUSSION 

The number of male and female k ing crab and male and female Tanner crab 
caught represent the four sex/species o f  observed crab. Since the four  
sex/species combinations o f  number o f  crab measured i s  based upon wi th in-  
pot  co-occurrence, the re la t ionsh ip  between the simultaneous occurrences o f  
each species by sex and the e f f e c t  o f  the independent var iables i s  
important. One way t o  measure the re la t ionsh ip  i s  t o  look a t  the 
cor re la t ion  between the number o f  crab by species/sex and the set  o f  
independent variables. Canonical co r re la t ion  (Morrison 1976; W l l e r  1982) 
i s  a  measure of the  extent o f  the l i nea r  re la t ionsh ips between tno sets o f  
variables. The proport ion o f  the variance from the l i near  combination o f  
the four  counts o f  male and female Tanner and k ing crabs i n  each pot t h a t  
i s  explained by the l i near  combination o f  the independent var iables i s  91%. 
The observed number and combination o f  crab i n  the pot  i s  h igh ly  re l a ted  t o  
the  independent variables, i nd i ca t i ng  t ha t  the independent var iables (soak- 
time, area, AM versus PM set, f i r s t  hal f  versus second h a l f  o f  the study, 
l i f t - t ime,  number o f  hal ibut ,  and number of cod) do account f o r  important 
va r i a t i on  i n  the dependent variables. The high cor re la t ion  re in forces the 
concept of in te r re la t ionsh ips  between k ing and Tanner crabs, and 
i l l u s t r a t e s  the need f o r  a  mu l t i va r ia te  view i n  attempting t o  understand 
the natura l  processes. However, f o r  the purpose o f  providing ease o f  
i n te rp re ta t i on  f o r  t h i s  study, the un ivar ia te  approach w i l l  continue t o  be 
t he  analysis framewrk. 

For the  seven separate analyses o f  the dependent var iab le  y  , the number 
o f  crab i n  the pot, the i n i t i a l  f u l l  models are provided i n  Table 2. 
I n i t i a l  graphical in te rp re ta t ion  o f  the  existence o f  f i r s t - o rde r  and 
higher-order in te rac t ion  e f f ec t s  indicated t ha t  the assumption o f  no 
in te rac t ions  was appropriate. The independent variables, both treatment 
type and covar iate type, were tested sequent ia l ly  f o r  s ign i f icance t o  each 
model a t  the 0.1 a- leve l .  The resu l tan t  models are provided i n  Table 3 
which also spec i f ies  the P-values t o  ind ica te  the a - level  a t  which 
r e j e c t i o n  o f  no e f f e c t  would have occurred. 

I n te rp re ta t i on  

I n te rp re ta t i on  o f  the regression coef f ic ients  i n  the analysis o f  covariance 
has been s imp l i f i ed  by the choice o f  the values f o r  the ind ica to r  
variables. For each o f  the f i n a l  models (Table 3), the b  value i s  the 

0 
estimate o f  the overa l l  mean number of crabs f o r  a  24-hour soak when a l l  
e f f e c t s  are a t  a  mean leve l .  The b and the b , values are deviat ions 

from the  overa l l  mean as a  r e s u l t  of the treatment e f f ec t s  o f  12-hour and 
48-hour soak-times, respect ively.  The parameters associated w i t h  the 
e f fec t  of blocking, within-day, and between-day can be viewed as extraneous 
sources o f  v a r i a b i l i t y  t h a t  hide the t r u e  e f f e c t  o f  soak-time. There are 
several reasons f o r  not  discussing the addi t iona l  factors.  The actual 



Table 2. Analysis of covariance regression coef f ic ients  f o r  the i n i t i a l  
f u l l  models. 

Overall  L i f t  Pac i f i c  
Name: Mean Block AM/PM Ha l f  12-hr 48-hr Time Hal ibut  Cod 
Symbol : b 

1 2 3 4 5 6 7 a 

Dependent 
Var i abl e 

Total crab 39.51 2.08 2.72 -8.80 -17.95 21.74 -0.70 -9.07 -1.08 
Total king 22.27 -0.98 0.22 -5.52 -16.45 23.55 0.20 -4.73 -0.89 
Male king 0.63 -0.02 0.10 -0.20 -0.59 0.85 0.03 -0.14 -0.06 
Female king 21.64 -0.96 0.13 -5.32 -15.86 22.70 0.17 -4.59 -0.82 
Total Tanner 17.24 3.06 2.50 -3.27 -1.51 -1.81 -0.90 -4.34 -0.19 
Male Tanner 10.01 -0.80 0.82 -1.82 -2.01 0.90 -0.44 -0.88 -0.11 
Female Tanner 7.23 3.85 1.67 -1.45 0.51 -2.71 -0.47 -3.46 -0.08 



Table 3. Analysis of  covariance regression coef f ic ients  f o r  the f i n a l  
reduced mdels .  

Overall L i f t  Pac i f i c  
Name: Mean Block AM/PM Hal f  12-hr 48-hr Time Hal ibut  Cod 
Symbol : b 

l i! 3 bl, 5 6 7 8 

P-val ue : (P=)  (P= 1 ( P r )  (PI) ( P = l  (P=)  (P=)  (P=)  
Dependent 
Variable 

Total crab 39.77 4.53 -8.32 -18.59 22.52 -1.16 -8.56 
(0.06) (0.16) ((0.01) ((0.01) (0.04) ((0.01) (0.34) 

Total king 22.56 -5.07 -17.08 24.42 -4.60 
(0.65) (0.84) ((0.01) ((0.01) (0.89) ((0.01) (0.29) 

Male king 0.64 -0.17 -0.60 0-86 
(0.91) (0.13) (0.01) ((0.01) (0.30) (0.105) (0.13) 

Female king 21.91 -4.90 -16-46 23.53 -4.50 
(0.74) (0.72) ((0.01) ((0.01) (0.93) ((0.01) (0.33) 

Total Tanner 17.31 3.09 2.62 -3.17 -1.65 -1.62 -0.94 -4.31 
(0.03) (0.06) ((0.01) (0.06) ((0.01) ((0.01) (0.77) 

Male Tanner 9.94 -1.79 -1.90 0.69 -0.55 
(0.29) (0.45) ((0.01) ((0.01) ((0.01) (0.20) (0.74) 

Female Tanner 7.21 5.02 -1.46 0.53 -2.80 -0.62 -3.27 
((0.01) (0.11) (0.09) (0.03) ((0.01) ((0.01) (0.86) 



blocking and sequence of  pot  l i f t s  due t o  the constraints o f  t ime caused a 
s i t ua t i on  i n  nhich the blocking e f f e c t  i s  confounded (Cox 1958) w i t h  AM 
versus PM pot set. There are no 24- o r  48-hour pots set i n  the PM i n  Block 
1, or  i n  the AM f o r  Block 2. The f i r s t  day versus second day e f f e c t  i s  
ac tua l l y  the f i r s t  ha l f  and second h a l f  o f  each block and creates a time 
overlap s i t ua t i on  between blocks. However, the factors  do provide a means 
o f  p a r t i t i o n i n g  the sources o f  v a r i a b i l i t y  occurring dur ing the study. I n  
addi t ion t o  the main e f fec ts  o f  the variables, a t  the basic leve l  there are 
in teract ions provided by the blocking, within-day, and between-day effects, 
due t o  t h e i r  de f i n i t i ons  and, as a resu l t ,  i n  a l l  l i ke l i hood  provide 
s u f f i c i e n t  coverage through confounding o f  the possible sources o f  
v a r i a b i l i t y  extraneous t o  the soak-time v a r i a b i l i t y .  The standard e r ro rs  
a t t r i bu tab le  t o  the soak-time estimated e f fec ts  f o r  each o f  the models 
i l l u s t r a t e s  the magnitude o f  variance associated w i th  each estimate (Table 
4). The standard er rors  are o f  each treatment leve l  add i t i ve  e f f e c t  ( the  
regression coe f f i c ien ts ) .  

For a l l  models, there i s  no s i gn i f i can t  e f f e c t  o f  Pac i f i c  cod. However, the 
reduced models i l l u s t r a t e  the e f f e c t  o f  ha l i bu t  i n  the pot on crab catch. 
A11 models t h a t  ind icate  a s i gn i f i can t  ha l i bu t  e f f e c t  show a reduct ion 
(negative regression coe f f i c i en t )  i n  number o f  crab as the number o f  ha l i bu t  
increases (Table 3). The two models t h a t  do not, are the models f o r  male 
k ing and male Tanner crab. Since the male and female k ing crab show s im i la r  
pat terns i n  the 12-hour and 48-hour percentage deviat ions from the 24-hour 
counts (Table 5), the possible explanation f o r  lack o f  ha l i bu t  e f f e c t  on the 
male k ing  crab counts i s  the overa l l  low counts t h a t  were observed. I n  
addit ion, the P-value was close t o  the re j ec t i on  a - level  (Table 3). 
However, the addi t ional  data co l lec ted from the south-west end o f  Kodiak 
Is land  (Appendix A), where a greater number o f  male k ing crab were caught, 
show the same lack o f  ha l i bu t  e f f e c t  (Table 6). 

The analysis o f  male k ing crab caught i n  the south-west end ind icates 
addi t iona l  e f f ec t s  due t o  area, AM versus PM, and time o f  pot  l i f t .  Whether 
the  data from two d i f f e r e n t  areas are comparable i s  not w i t h i n  the 
experimental design framework o f  t h i s  analysis and are u t i l i z e d  so le ly  t o  
quant i fy any major deviat ions i n  pat tern f o r  male k ing crab. 

The average number o f  Tanner crab f o r  both sexes combined show a decrease i n  
counts as the pot i s  soaked longer than 24 hours. Since male Tanner crab 
show an increase over time, the  decrease e f f e c t  i s  a t t r i bu tab le  t o  female 
Tanner crab t h a t  a f t e r  12 hours show a continual decl ine (Table 4). 
Previous work has shown escapement o f  k ing crabs from pots s im i la r  t o  those 
u t i l i z e d  i n  t h i s  study and i t  i s  speculated t h a t  the greater a c t i v i t y  of 
Tanner crab and the  smaller s ize allows f o r  a higher r a t e  o f  escapement 
(High and Worlund 1979). The f a c t  t h a t  female Tanner crab are smaller than 
male Tanner crab may cont r ibute  t o  the reduction i n  numbers f o r  the longer 
soaked pots. Other causes t h a t  should not be ru led  out are the p o s s i b i l i t y  
o f  predation by ha l i bu t  or  avoidance o f  ha l ibu t  by Tanner crab. 



Table 4. Estimated number o f  crab a t  each soak-time level  and standard 
errors o f  each treatment l eve l  e f fec t .  

Dependent Estimated number o f  crab (SE) 
Variable 12-hour 24-hour 48-hour 

A l l  crab 21.18 (7.35) 39.77 (4.83) 62.28 (14.82) 
Total king 5.48 (3.77) 22.56 (2.48) 46.98 (7.56) 
Male king 0.03 (0.009) 0.64 (0.006) 1.50 (0.019) 
Female king 5.45 (3.77) 21.91 (2.48) 45.44 (7.56) 
Total Tanner 15.66 (2.40) 17.31 (1.58) 15.69 (4.84) 
Male Tanner 8.04 (0.62) 9.94 (0.41) 10.63 (1.24) 
Female Tanner 7.74 (1.47) 7.21 (0.97) 4.41 (2.97) 



Tabla 5.  Soak-tlmr a f f e c t  on obrervrd crab countr 88 a parcantrpr 
deviation from the number of  crab crupht I n  24-hour pots. 

Dependent 
Vgr i r r 

Total king -75.7 
Male king -95.1 
Female king -75.1 
Total Tanner -9.5 
F$le Tanner -19.1 
Female Tanner 7.3 
Male king 

(addit ional  data) -80.1 



Table 6. Analysis o f  covariance regression coe f f i c ien ts  f o r  the f i n a l  
reduced male k ing crab model from the addi t ional  data. 

Overal l  L i f t  Pac i f i c  
Name: Mean Block AM/PM Hal f  12-hr 48-hr Time Hal ibut  Cod 
Symbol : b 

1 2 3 4 bLI 6 7 a 
P-val ue : (P=) (P=) (P=) [ P=) (PI) (P=) (P= (P= 1 

Dependent 
Variable 

Ma1 e k ing  3.67 0.66 1.24 -0.58 -2.94 3.88 0.13 
(0.07)((0.01) (0.04) ((0.01) (<0.04) (0.44) (0.89) 

Male k ing  0.64 -0.17 -0.60 0.86 
(Chiniak Gul l y )  (0.91) (0.13) (0.01) ((0.01) (0.30) (0.105)(0.13) 



Adjustment o f  Catch 

The possible soak-time adjustment/standardizations f o r  number o f  crab caught 
i n  pots soaked a t  times d i f f e r e n t  from 24 hours t ha t  could be derived from 
t h i s  study d i f f e r  from the current  adjustment fac to rs  (Table 7) .  The 
d i f ference between the two sets o f  adjustments indicates a p a r t i c u l a r  
pa t te rn  f o r  pots soaked 12 and 48 hours. Compared t o  the r e s u l t s  o f  t h i s  
study, the current  approach over-estimates both sexes o f  k ing  crab f o r  12- 
hour soaks and under-estimates both sexes o f  Tanner crab f o r  the same per iod 
o f  soak (Table 8). The opposite holds f o r  soak-times o f  48 hours. The 
comparison i s  made by f i r s t  se t t i ng  the catch equal a t  24 hours f o r  both 
approaches, fol lowed by comparing the di f ferences f o r  the two approaches f o r  
12-hour and 48-hour estimates. The standardization i s  reversed f o r  the  
common use o f  the soak adjustments i n  Table 7, i n  t ha t  the catch i s  adjusted 
t o  a 24-hour catch, not  from a 24-hour catch. The addi t iona l  informat ion - 
from the south-west end re in forces the concept o f  over- and under-estimating 
male k ing  crab counts (Table 8 )  f o r  12-hour and 48-hour soak durat ion 
respectively, even though the data was obtained from another area. 

As w i t h  any comparison o f  po in t  estimates, i t  must be emphasized t h a t  only 
two d i f f e r e n t  soak-times are compared t o  the 24-hour catch, and not  a range 
o f  data po in ts  between 12 and 48 hours. The f i n a l  models are inf luenced by 
area, crab densit ies, depth, t ide,  and t ime o f  day, The po ten t i a l  user i s  
cautioned t ha t  the models may not  be appropriate f o r  values o f  the var iables 
outs ide those observed i n  t h i s  study. Even though the addi t iona l  
informat ion re in forces over- and under-estimation patterns, the values are 
d i ss im i l a r  perhaps due t o  area, t ime o f  sampling, and densi ty levels.  

CONCLUSIONS 

The experimental design o f  t h i s  study pa r t i t i oned  some o f  the sources o f  
v a r i a b i l i t y  t h a t  obscure the e f f e c t  o f  soak-time o f  crab pots. There was a 
canonical co r re la t ion  o f  91% between the numbers o f  crab occurr ing 
simultaneously i n  the pot  and the independent variables. There i s  
d i f f i c u l t y  i n  i n t e rp re t i ng  a s ing le  crab species/sex response t o  soak-time 
when an i n te r re l a t i onsh ip  between the various crab species/sex combinations 
i n  each pot  and the independent var iables does ex is ts .  However, 
s t a t i s t i c a l l y  s i g n i f i c a n t  pat terns were found t ha t  i l l u s t r a t e  the basic 
e f f e c t  o f  soak-time on the number caught o f  each crab species/sex. 

One conclusion i s  obvious from the analyses. The d i f f e r e n t  crab species/sex 
occurr ing i n  a pot  soaked d i f f e r e n t  lengths o f  t ime respond d i f f e r e n t l y .  
Using the  same adjustment formula f o r  a l l  species and sex o f  crab causes 
biased estimates. I n  addit ion, even i f  the response was s imi lar ,  the 
i n te r re l a t i onsh ip  between the  crab i n  a s ing le  pot  a f f ec t s  r esu l t an t  
species/sex composition i n  the pot. The general conclusions t h a t  can be 
drawn are t ha t  ha l i bu t  negat ively a f f e c t  the numbers o f  crab i n  the pot; and 
female Tanner crab avoid o r  escape from the po t  a f t e r  12 hours. The number 
o f  male k ing crab increase w i t h  a longer soak. Female k ing  crab and male 
k ing  crab show a greater number i n  a 48-hour po t  than i f  two 24-hour pots  
Here soaked. Male Tanner crab show the  opposite response. 



Table 7. Currently used adjustment t o  individual  pot catch based on soak- 
time. 

Days soaked 
0 1 2 3 4  5 6  7 8  9  > 9  

Soak factor 0.0 1.0 1.5 2.0 2.33 2.67 3.0 3.25 3.5 3.75 4.0 
(d iv isor )  

( l inear  in terpolat ion between davs) 
Source: Colgate and Hicks 1981. 



Table 8. Percentage di f ference between current  adjustment approach and 
study resu l t s  f o r  estimated number o f  crab i n  a pot  a t  12 and 48 
hours based on a 24-hour catch o f  100 crab. 

12 hours 48 hours 
Estimated Estimated 

Number o f  crabs Number o f  crabs 
( 1  % (2  X 

Study Current o f  Study Current o f  
S~ec ies lsex Results (0.5%) [ 1) Results (1.5%) (2) 

Male k ing 4.9 50.0 920 236.1 150.0 -36 
Female k ing  24.9 50.0 101 207.4 150.0 -28 

Male Tanner 80.9 50.0 -38 107.0 150.0 40 
Female Tanner 107.3 50.0 -53 61.2 150.0 145 

Male k ing 
(addi t iona l  data) 19.9 50.0 152 205.8 150.0 -27 



The current  adjustment approach over-estimates both sexes o f  k ing  crab f o r  a 
12-hour soak and under-estimates both sexes o f  Tanner crab. For the 48-hour 
soak, the opposite resu l ts .  The assumption tha t  the e f f e c t  of soak-time, as 
quant i f ied by t h i s  study, m y  a lso apply t o  areas other than Chiniak Gully, 
i n  d i f f e r e n t  times o f  the year, and f o r  d i f f e r e n t  crab densi ty leve ls  i s  an 
assumption t ha t  needs t o  be thoroughly addressed p r i o r  t o  appl icat ion under 
d iss im i la r  conditions. 

1) To quant i ta t i ve ly  evaluate the accuracy o f  the cur ren t l y  u t i l i z e d  
adjustment/standardization factors, more than three time i n te r va l s  are 
needed. The 12-hour and 48-hour deviat ions from a 24-hour soak might not  be 
representative o f  deviat ions f o r  other lengths o f  soak, times o f  year, areas 
or crab densit ies. Therefore, extrapolat ion o r  in te rpo la t ion  o f  the resu l t s  
of t h i s  study car r ies  some element o f  r i s k .  

2) It i s  recomnended tha t  fu r ther  research should be considered t o  provide 
observations a t  soak-times between 12- and 24-hours, other crab densities, 
other areas, and a t  other times o f  the year. I n  a l l  l ikel ihood, as a r e s u l t  
o f  varying leve ls  o f  crab densities, a fami ly  o f  adjustment curves might 
ex is t .  There may be a near-optimal soak-time. Also, a mu l t i va r ia te  design 
and analysis i s  needed t o  determine how the presence o f  one group o f  crab 
a f f ec t s  the presence o f  the other i n  survey pots. Further analysis o f  
in te rac t ion  e f f ec t s  should a lso be looked at. Extensive planning w i l l  be 
necessary i f  the aforementioned object ives are t o  be met. 
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Appendix A. Addit ional male k ing crab data co l lected  during the  per iod of  
5-7 August 1984. 



Appendix Table A-1. Number of  male king crab, design matrix, and 
covariates. 

The timing of pot l i f t s  d i f f e r s  from the Chiniak Gully data i n  
tha t  the star t ing time for  Block 1 was 0815 hours. The columns 
correspond t o  the following variables: 

1)  Number o f  male king crab 
2 - 6) x through x , 
7 - 9) z through z 

1 - 1  -1 -1 1 0 7.996 
0 -1 -1 -1 1 0 8.216 
0 -1 -1 -1 1 0 8.486 
0 -1 -1 -1 1 0 8.696 
2 1 1 -1 1 0 -6.533 
2 1 1 -1 1 0 -6.303 
1 1 1 -1 1 0 -6.083 
5 1 1 -1 1 0 -5.833 
0 -1 1 -1 1 0 -5.333 
0 -1 1 -1 1 0 -5.083 
1 -1 1 -1 1 0 -4.813 
0 -1 1 -1 1 0 -4.583 
2 -1 -1 -1 -1 -1 -4.083 
2 -1 -1 -1 -1 -1 -3.603 
1 -1 -1 -1 -1 -1 -3.103 
0 -1 -1 -1 -1 -1 -2.603 
0 -1 -1 -1 -1 -1 -2.333 
0 -1 -1 -1 -1 -1 -2.083 
0 -1 -1 -1 -1 -1 -1.833 
0 -1 -1 -1 -1 -1 -1.583 
2 1 1 - 1  -1 -1 2.686 

12 1 1 - 1  -1 -1 3.186 
8 1 1 - 1  -1 -1 3.686 
8 1 1 -1 -1 -1 4.186 
5 1 1 -1 -1 -1 4.346 
3 1 1 -1 -1 -1 4.716 

12 1 1 -1 -1 -1 4.966 
6 1 1 - 1  -1 -1 5.216 
2 1 - 1  -1 1 0 5.416 
0 1 - 1  -1 1 0 5.686 
0 1 - 1  -1 1 0 5.916 
2 1 - 1  -1 1 0 6.186 
0 -1 -1 1 1 0 6.686 

- continued - 



Appendix Table A-1. Number o f  male k ing crab, design matrix,  and 
covariates (continued). 



Appendix Table A-2. Latitude and longitude readings recorded f o r  the 
sample stat ion locations f o r  the addit ional  data 
col lected a t  the south-west end of  Kodiak Island. 

1 2 3 4  
Sample stat ion locat ion 5 6 7 8  
i n  each 4 by 4 block: 9 10 11 12 

13 14 15 16 

Latitude 
Sarnple 
Location Deqrees Min. 

Block 1 
1 57 0.43 
2 57 0.43 
3 5 7 0.43 
4 5 7 0.45 
5 5 7 0.18 
6 5 7 0.18 
7 5 7 0.18 
8 57 0.18 
9 56 59.93 

10 56 59.93 
11 56 59.93 
12 56 59.93 
13 56 59.68 
14 56 59.68 
15 56 59.68 
16 56 59.68 

Block 2 
1 56 59.00 
2 56 59.00 
3 56 59.00 
4 56 59.00 
5 56 58.75 
6 56 58.75 
7 56 58.75 
8 56 58.75 
9 56 58.50 

10 56 58.50 
11 56 58.50 
12 56 58.50 
13 56 58.25 
14 56 58.25 
15 56 58.25 
16 56 58.25 

Lonqi tude 

Deqrees Min. 



Appendix 0. Experimental design considerations. 



The goal o f  experimental design i s  t o  p a r t i t i o n  the various sources o f  
v a r i a b i l i t y  so t h a t  the t rue  e f fec ts  o f  the treatment o f  i n t e r e s t  can be 
measured. There are many sources o f  v a r i a b i l i t y  t ha t  can obscure the 
resu l t s  i f  the design does not accomnodate f o r  the addi t iona l  e f fec ts .  The 
major sources of  v a r i a b i l i t y  i n  t h i s  study were considered a t  the planning 
stage so t h a t  the design o f  the experiment would be s u f f i c i e n t  t o  provide 
meaningful information. The information was expected t o  be e i t he r  
conclusive, or  s u f f i c i e n t  t o  provide meaningful information f o r  the design 
o f  another study. I n  many si tuat ions,  an i n i t i a l  experimental design can 
only provide the necessary information f o r  proper design o f  a subsequent 
study. 

Confounding was a major problem and necessity i n  a study o f  t h i s  type i n  
which time i s  the treatment and the constraints o f  the sampling mechanism 
i n t e r j e c t  an addi t ional  time problem. The i n i t i a l  analysis v e r i f i e d  
confounding w i th  the existence o f  s ingu lar i ty ,  o r  non-ful l  rank, of t he  
design matr ix  when higher order in teract ions were included. I n i t i a l  
graphical analysis confirmed the problem o f  in te rp re ta t ion  o f  confounded 
i n te rac t i on  ef fects.  However, the in teract ions were viewed t o  be minor 
enough t o  assume no interact ions,  and thereby r e t a i n  a degree o f  s i m p l i c i t y  
o f  presentation and in terpreta t ion.  A mu l t i va r ia te  approach (MANOVA) may 
provide a d i f f e r e n t  in terpreta t ion.  The assumption of  para l le l i sm o f  slope 
f o r  the e f f e c t  o f  covariates, or  in te rac t ions  between the covariates and 
factors, was assumed t o  be appropriate based on a cursory graphical review. 

The use o f  ind icator  variables i n  the design matr ix t o  i d e n t i f y  the various 
treatment leve ls  i n  the regression model provides the basis f o r  t es t i ng  the 
hypothesis o f  no treatment e f f e c t  w i t h  the t e s t  s t a t i s t i c  

where SSE i s  the sum o f  squares o f  error ,  d f  i s  the appropriate e r ro r  
degrees o f  freedom, and (R) ind icates the reduced model and (F) ind icates 
the f u l l  model (Snedecor and Cochran 1967, Neter and Wasserman 1974). The 
t e s t  s t a t i s t i c  i s  F-distr ibuted w i th  (df(R) - df(F), d f (F ) )  degrees o f  
freedom. The factors  and covariates were tested sequent ia l ly  w i th  an extra- 
sums o f  squares approach based on the decision c r i t e r i a  o f  t e s t i n g  the 
e f f e c t  o f  the var iab le  (o r  set  i n  the case o f  soak-time) w i t h  the smallest 
t-value o r  F-to-enter value. An e f f e c t  was considered t o  be s i gn i f i can t  if 
the p robab i l i t y  o f  a Type I erro r  was less than or equal t o  0.10 ( a = 0.1). 



Appendix C. Chiniak Gully data - dependent variables, design matrix, and 
covariates. 



The following i s  the data f i l e  u t i l i z e d  i n  the analysis. The column 
numbers correspond t o  the following variables: 

1) Total numbers of crab 
2) Number o f  male king crab 
3) Number o f  female king crab 
4) Number o f  male Tanner crab 
5) Number o f  female Tanner crab 
6 - 10) x through x 
11 - 13) z through z 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

12 8 0 0 4 -1 -1 -1 1 0 7.074 1.25 2.014 
14 4 1 0 9 -1 -1 -1 1 0 7.274 0.25 6.014 
43 11 0 0 3 2 - 1 - 1 - 1  1 0  7.514-0.75 8.014 
17 6 1 0  1 0 - 1 - 1 - 1  1 0  7.794-0.75 4.014 
16 5 7 0 4 1 1 - 1  1 0 -6.593 1,25 0.014 
67 16 32 0 19 1 1 -1 1 0 -6.373 -0.75 0.014 
23 13 4 0 6 1 1 -1 1 0 -6.153 0.25 -0.986 
51 22 18 0 11 1 1 -1 1 0 -5.853 2.25 -1.986 
6 5 0 0 1 - 1  1 - 1  1 0 -5.593 0.25 0.014 
50 14 28 0 8 -1 1 -1 1 0 -5.403 -0.75 -1.986 
18 7 3 1 7 -1 1 - 1  1 0 -5.143 -0.75 -1.986 
22 10 4 0 8 -1 1 - 1  1 0 -4.823 0.25 0.014 
57 16 7 0 34 -1 -1 -1 -1 -1 -4.343 -0.75 1.014 
62 9 14 1 38 -1 -1 -1 -1 -1 -3,843 -0.75 1.014 
42 11 11 0 20 -1 -1 -1 -1 -1 -3.343 -0.75 2.014 
34 21 1 0 12 -1 -1 -1 -1 -1 -2.853 0.25 -0.986 
43 25 4 1 13 -1 -1 -1 -1 -1 -2.573 -0.75 3.014 
20 13 0 0 7 -1 -1 -1 -1 -1 -2.323 0.25 2.014 
20 8 0 0 12 -1 -1 -1 -1 -1 -2.053 1.25 2.014 
49 22 5 1 21 -1 -1 -1 -1 -1 -1.843 -0.75 -1.986 
30 13 11 3 3 1 1 -1 -1 -1 2.657 -0.75 -0.986 
33 12 9 2 10 1 1 - 1  -1 -1 3.157 0.25 1.104 
33 13 16 0 4 1 1 - 1  -1 -1 3.657 0.25 3.014 
58 16 15 0 27 1 1 - 1  -1 -1 4.157 1.25 -0.986 
48 9 15 1 23 1 1 -1 -1 -1 4.457 -0.75 0.014 
78 13 19 0 46 1 1 -1 -1 -1 4.707 -0.75 -0.986 
69 6 21 1 41 1 1 - 1  -1 -1 4.897 0.25 -0.986 
94 13 34 1 46 1 1 -1 -1 -1 5.157 -0.75 -0.986 
5 1 1 0 3 1 -1 -1 1 0 5.397 0.25 0.014 
34 7 22 0 5 1 - 1  -1 1 0 5.697 -0.75 2.014 
16 2 12 0 2 1 - 1  -1 1 0 5.907 -0.75 2.014 
4 4 0 0 0 1 -1 -1 1 0 6.157 1.25 1.014 
5 4 O 0 1 -1 -1 1 1 0 6.427 0.25 1.014 

- continued - 



Appendix C (continued). 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 


	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES
	ABSTRACT
	INTRODUCTION
	METHODS
	Study Site
	Sampling Procedure
	Statistical Analysis

	RESULTS AND DISCUSSION
	Interpretation
	Adjustment of Catch

	CONCLUSIONS
	RECOMMENDATIONS
	ACKNOWLEDGEMENTS
	LITERATURE CITED
	APPENDICES
	Appendix A
	Appendix B
	Appendix C




